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Greenblatt MS, Bennett WP, HoUstein M, Harris CC 

Laboratory of Human Carcinogenesis, National |^^^ Institute, Bethesda, 

Maryland 20892 

Mutations in the p$3 tumor suppressor gene: clues to etiology and 

molecular pathogenesis 

■O.Res; 54(18):4855-78 1994 _^ 
The p53 tumor suppressor gene is commonly mutated in human 
the spectrum of these mutations provides clues to the etiology and molecular 
pathogenesis of neoplastic disease. Alterations in p||: may have diagnostic, 
prognostic and therapeutic implications. There is an overview of the origins of 
fflufa^^^ presenting major types of base transitions and transversions 
observed and error rates for DNA replication. The spectrum of mutations 
(mostly single base substitutions) seen in housekeeping genes in vitro and in 
animal models are listed in a table; p53 mutations are less common in murine 
primary tumors than in human cancers. 2567 human p55 mutations were 
identified; results appear in a large table and 2 figures. The highest fi-equencies 
of p53 mutations reported for human cancers are: lung 56%, colon 50%, 
esophagus 45%, ovary, pancreas and ifc, 44%, stomach 41%, head and neck 
37%, bladder 34%, prostate 30%, breast, endometrium, and mesothelioma 
22%. Analytical methods include DNA sequencing, immunohistochemistry, gel 
electrophoresis, and polymerase chain reaction techniques. Exons 5-8 account 
for 87%, exon 4, 8%, and exon 10, 4% of the mutations. Strand bias is 
characteristic of environmental carcinogens, e.g., 91% of G:C to T:A 
transitions in human lung ^Slf affect nontranscribed strand, indicating the 
importance of DNA repair in mi^^i^^ specificity of ^pj^-related genes. 
The next section covers the fianctions and properties of p|| and its protein, its 
conformation, and the relationship of mutations to evolutionary conservation 
of jjiSi (missense mutations account for 79% of those in this region). Topics 
discussed are: p53 is only one of several pathways whose disruption leads to 
neoplastic transformation; the timing of jillli mutations in human 
carcinogenesis which may be either early or late in different cancers; the 
relationship of ipliH mutations to more advanced stage and grade, metastatic 
phenotypes and angiogenesis; in vitro features of immortalization and 
neoplastic transformation; carcinogens and specific organ carcinogenesis, a 
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neoplastic transformation; carcinogens and specific organ carcinogenesis, a 
large subsection dealing with and uv light, aflatoxin and hepatitis 

in liver ^Sll^ tobacco-induced cancers, radiation and human 
papillomavirus in cervical endogenous sources of jmuM^ such as 

5-methylcytosine deamination, and mutational spectrum differences among 
populations, which stresses findings in China, Japan, and Taiwan. The 
apparently greater aggressiveness of tumors with p53 mutations requires 
further study, (288 Refs.) 
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Entered STN: 19950215 
' Last Updated on STN: 19950215 
Entered Medline: 19950124 
Non-melanoma skin cancer is common and 

offers unrivaled opportunities to relate genetic changes to clinical and 
biologic behavior. Recent technical advances in molecular biology render 
genetic analysis of even the smallest skin cancers 
possible. In this review I will discuss the role of p53 
gene in skin carcinogenesis, the relation between p53 
immunostaining and p53 mutation, and recent evidence for the 
involvement of putative tumor suppressor genes both on chromosome 9 and 
other chromosomes in non-melanoma - skin cancer 
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Grundlagen und ihre Bedeutung fur die Pathologie. 
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Mutations of the p53 tumor-suppressor gene are the most common 
genetic alterations in human cancer, found in approximately 50% of all 
tumors. The importance of p53 in human cancer attracts 

attention in molecular studies dealing with the pathogenesis, diagnosis 
and prognosis in tumor pathology. This review summarizes the 
current understanding of p53 both on the genetic and protein 
level. Frequency and spectrum of somatic p53 mutations in the 
carcinogenesis of breast cancer, colorectal cancer, gastric cancer, 
hepatocellular carcinoma, squamous-cell carcinoma of the skin and 
malignant melanoma are discussed including our own 
investigations and studies published in the literature. 
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AB The p53 gene (TP53) is mutated in numerous human cancers. We 

have used it as a molecular target to characterize the induction of 
mutations in human skin cancers. About 50% of all 
skin cancers in normal individuals exhibit p53 
mutations. This frequency rises to 90% in skin cancers 

of patients with the DNA-repair deficiency known as xeroderma pigmentosum 

(XP) . These mutations are characterized by a specific signature, 

attributed to the ultraviolet uvB part of the solar spectrum. In this 

review, we will describe different p53 mutation spectra, 

in relation to the various histopathological types of skin 

cancers such as basal cell carcinoma (BCC) , squamous cell 

carcinoma (SCC) , and malignant melanoma as well as to the DNA 

•repair efficiency of the patients. In particular, different mutational 

hot spots are found among the various spectra. We have tried to elucidate 

them in terms of induced DNA lesion hot spots, as well as speed of local 

nucleotide excision repair (NER) or sequence effects.. The molecular 

analysis of these mutagenic characteristics should help in the 

understanding of the origin of human skin cancers in 

the general population. 

Copyright 2003 Wile'y-Liss, Inc. 
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FREQUENCY OF p53 MUTATIONS IN SitiN 

Basal cell carcinoma is the most common form of ll^iil- The second most common 
type of lllrl malignancy is squamous cell carcinoma. Although these 2 types of skin; 
are the most common of all malignancies, they account^^for less than 0.1% of patient 
deaths due to i^ftl. Both of these types of sl<ffll||^S| are more likely to occur in 
individuals of light complexion who have had significant exposure to sunlight, and both 
types of |S cancers are more common in the southern latitudes of the Northern 
hemisphere. The overall cure rate for both types of iskiti ^fflj is directly related to the 
stage of the disease and the type of treatment employed. However, since neither basal 
cell carcinoma nor squamous cell carcinoma of the are reportable diseases, precise 
5-year cure rates are not known. Although basal cell carcinoma and squamous cell 
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carcinoma are by far the most frequent types of tumors, the rtiri can also be the 
site of a large variety of malignant neoplasms. These other types of malignant disease 
include malignant melanoma, cutaneous T-cell lymphomas (mycosis fungoides), Kaposi's 
sarcoma, extramammary Paget 's disease, apocrine carcinoma of the and metastatic 
malignancies from various primary sites 

Basal cell carcinoma and squamous cell carcinoma are both of epithelial origin. They are 
usually diagnosed on the basis of routine histopathology. Squamous cell carcinoma is 
graded 1 to 4 based on the proportion of differentiating cells present, the degree of 
atypicality of tumor cells, and the depth of tumor penetration. Apocrine carcinomas, 
which are rare, are associated with an indolent course and usually arise in the axilla. 

Basal cell carcinoma 

Basal cell carcinoma is at least 3 times more common than squamous cell carcinoma in 
nonimmunocompromised patients. It usually occurs on sun exposed areas of and the 
nose is the most frequent site. Although there are many different clinical presentations 
for basal cell carcinoma, the most characteristic type is the asymptomatic nodular or 
nodular ulcerative lesion that is elevated from the surrounding and has a pearly 
quality and contains telangiectatic vessels. It is recognized that basal cell carcinoma has 
a tendency to be locally destructive. High-risk areas for tumor recurrence include the 
central face (periorbital region, eyelids, nasolabial fold, nose-cheek angle), postauricular 
region, pinna, ear canal, forehead, and scalp. A specif ic subtype of basal cell carcinoma is 
the morphea-form type. It typically appears as a scar-like, firm plaque and because of 
indistinct clinical tumor margins, it is difficult to treat adequately with traditional 
treatments. 

Squamous cell carcinoma 

Squamous cell tumors also tend to occur on sun-exposed portions of the such as the 
ears, lower lip, and dorsa of the hand. However, squamous cell carcinomas that arise in 
areas of non-sun-exposed SI or that originate de novo on areas of sun-exposed ^| are 
prognostically worse since they have a greater tendency to metastasize. Chronic sun 
damage, sites of prior burns, arsenic exposure, chronic cutaneous inflammation as seen in 
long standing ulcers, and sites of previous x-ray therapy are predisposed to the 
development of squamous cell carcinoma. 

Actinic keratosis 

Actinic keratoses are potential precursors of squamous cell carcinoma. These typical red 
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scaly patches usually arise on areas of chronically .sun-exposed iim, and are likely to be 
found on the face and dorsal aspects of the hand. Although the vast majority of actinic 
keratoses do not become squamous cell carcinomas, it is thought that as many as 57© of 
actinic keratoses will evolve into this locally invasive carcinoma. Due to this premalignant 
potential, the destruction of actinic keratoses is advocated. 

UV radiation-induced mutations have been studied in various animal models. The majority 
of the mutations are found to be located at dipyrimidine sites (i.e. (T-T, C-C, C-T or T-C) 
and correspond to a C to T transition. More than 207© correspond to tandem mutations 
involving the two adjacent nucleotides of the dipyrimidine sites (C-C to T-T). 

Several human genetic syndromes are associated with DNA repair deficiency. Among 
them, xeroderma pigmentosum (XP) is an autosomal, recessively inherited disease. 
Patients with XP show clinical and cellular hypersensitivity to UV radiation, resulting in a 
y/ery nigh incidence of jslKfii In these subjects, the median age of onset of pfi 

liteli is 8 years, nearly 50 years younger than in the general population. 

Brash et al. showed that, in WM spinocellular jfeji^, C — > T mutations predominate in 
pyrimidine dimcrs. It is well known that ultraviolet radiation, an etiological agent of most 
iMifit cancers, acts directly on these dimers. A particular characteristic of the action of 
UV radiation is the change in the bases CC —> TT, observed in Brash's series but also in 
other sljan l^lSl series such as basocellular cancers (Rady et al. 1992). In patients with 
genetic DNA repair deficiencies, such as xeroderma pigmentosum (XP), the phenotype is 
much more marked. All mutations found in cancers are located on the pyrimidine 
dimers and 55 % are tandem mutations CC — > TT (Dumaz et al. 1994). This type of 
|wft«§fon is only very rarely found in internal cancers (less than 1 %). In i|| cancers from 
XP patients, more than 95 7o of the mutations are located on the noncoding strand of the 
^53 gene, while in other skijN tumors and in internal cancers, no special trends are 
observed. This result therefore suggests that there is preferential repair of the coding 
strand, which has been confirmed by Toranaletti and Pfeifcr, who showed that the repair 
rate of pyrimidine dimers in the p53 gene is highly variable, with an especially low rate in 
the codons that are often mutated in IBij^^B- Such j^ll mutations seem to be very 
early events as they can be found both in precancerous lesions such as actinic keratosis 
(Ziegler et al. 1994) and in normal exposed to UV (Jonason et al. 1996). Recent work 
have demonstrated that human epidermal and accompanying precursors have 

identical j^^i mutations different from p53 mutations in adjacent areas of clonally 
expanded non-neoplastic keratinocytes (Ponten et al. 1997; Ren et al. 1997; Ren et al. 
1996; Ren et al. 1997; Ren et al. 1996). 
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These results taken together (predominance of CC -> TT lesions on the non coding strand) 
were experimentally confirmed in animals carrying UV-induced tumors (Dumaz et al. 1997; 
Kress et al. 1992). 



rwo iyfws iif prtHlmt both of wiileli intrif^rrnHh UKA r^piitsitbti. 










\ 

\ 






?$<>(^* of 








K 

O 

>- 

o 

o 
a: 




JUL 



iiHl 




100 



200 



30O 39^3 
pS3 CODON 



4 of 8 



6/17/03 8:30 PM 



p53.Curie.fr: Soussi mutation database skin cancer 



littp://21b.^.5V.37.luu/searcnYq=cache:cru...ailon-rskln'rvaiik;ci&lit' 



l-cii&smi t- 1 &ic-UTP-G 



C. 64LLOU. C. b£R0UD AMD t. SOUStSt; pS3 HAT ABASE 12/2001 2S5UE 



> 

o 
z 

Uj 

o 

UJ 

ft 



70- 
SO- 
SO - 
40 
30 
20. 
10- 
0- 



M;rmw^T}^^m^^mm^^-'-^r^ r^^mf>: 




GC»AT AT'»GC GC*CG GC^TA At^>CG AT.>TA Fr. 
MUTATIONAL EVENTS 




ALL INTERNAL SKIN 
CANCER TUMOR CANCER 



8CC 



sec 



XP 
PATIENTS 



Transition at Py-Py site in $kW 



BCC: bosal cell carcinoma; SCC: squamous cell carcinoma of the t^j^ XP: xeroderma 

pigmentosum patients. 



5 of 8 



6/17/03 8:30 PM 



k>£3 .Oui iN/.fi . Ovfuo^ji iiiulaliVdfii JaUiLa^v akjii s 



lIUp./'/2I^.239.S9J00^salJl94-vovll6.tPu...oliullT»khl^mll*l&lll-cll&»iall-l<tlc-UTF-^ 



FREQENCy OF TANDEM MUTATION 





70% 1 




60% ~ 




50% • 






O 






40% ' 










0 


30% 


ill 








Urn 


20% 




10% " 




0% " 




ALL INTERNAL SKIN 
CANCER TUMOR CANCER 



BCC 



sec 



Tandem mtriif iri in Skin cano 



PATIENTS 



BCC: basal cell carcinoma; SCC: squamous cell carcinoma of the siirl: XP: xeroderma 

pigmentosum patients. 



Key References 



Ziegler A, Leffell DJ, Kunala S et al. |S^at^ hotspots due to sunlight in the jH^i gene 
of nonmelanoma |i| cancers. Proc Natl Acad Sci USA. 1993; 90: 4216-20 

Brash DE, Rudolph J A, Simon JA ct al. A Role for sunlight in isik|n||ij^^| - UV-induced 
ill mutations in squamous cell carcinoma. Proc Natl Acad Sci USA. 1991; 88: 10124-8 



Rady P, Scinicariello F, Wagner RF, and Tyring SK. p53 Mutations in Basal Cell 
Carcinomas. l^^B Res. 1992; 52: 3804-6 



Sato M, Nishigori C, Zghal M, Vagi T, and Takebe H. Ultraviolet-Specific mutations in 



ii!53 gene in ||jH tumors in Xeroderma-Pigmentosum patients. 
2944-6 



Res. 1993; 53: 



Dumaz N, Drougard C, Sarasin A, and Dayagrosjean L Specific UV-Induced W^ij^l^m 
spectrum in the 03 gene of WM tumors from DNA-Repair-Def icient 



6 of 8 



6/17/03 8:30 PM 



p3j.L.une.ir: soussi muianon aaiaoase sKin cancer hiip://2 16. z3y.i 7. iOO/'search ?q=cach6:cru...alion-^skln-^t;anc6^dchi=endcslaIT=lflcie=u rr-o 

Xerodcrma^Pigmentosum patients. Proc Natl Acad Sci USA. 1993; 90: 10529-33 

Dumaz N, Stary A, Soussi T, Dayagrosjean L, and Sarasin A. Can we predict solar 
ultraviolet radiation as the causal event in hunian tumours by analysing the iiut|;fiori 
spectra of the f^53 gene? AAutat Res. 1994; 307: 375-86 

Tornaletti S and Pfeifer 6?. Slow repair of pyrimidine dimers at p53Str^||n hotspots 
in skill ISl Science. 1994; 263: 1436-8 



Ziegler A, Jonason AS. Leffell DJ et al. Sunburn and p53 'n tlie onset of llSli 
Nature. 1994; 372: 773-6 

Jonason AS, Kunala S, Price GJ, Restifo RJ, Spinelli HM, Persing JA, Leffell bj, Tarone 
RE and Brash DE (1996) Frequent clones of p53-mutated keratinocytes in normal human 
'mi Proc Natl Acad Sci USA 93: 14025-14029. 

Kress S, Sutter C. Strickland PT, Mukhtar H, Schweizer J, and Schwarz M. 
Carcinogen-Specific mutational pattern in the gene in Ultraviolet-B 
Radiation-Induced squamous cell carcinomas of mouse ^ll^ ^^S- 1992; 52: 6400-3 

Ren ZP, Ahmadian A, Ponten F, Nister M, Berg C, Lundeberg J, Uhlcn M and Ponten J 
(1997) Benign clonal keratinocyte patches with p53 mutations show no genetic link to 
synchronous squamous cell precancer or in human sitiri. Am J Pathol 150: 

1791-1803. 

Ren ZP, Hedrum A, Ponten F, Nister M, Ahmadian A, Lundeberg J, Uhlen M and Ponten J 
(1996) Human epidermal ciliifiii and accompanying precursors have identical p53 
mutations different from p53 mutations in adjacent areas of clonal ly expanded 
non-neoplastic keratinocytes. Oncogene 12: 765-773. 

Ren ZP, Ponten F, Nister M and Ponten J (1997) Reconstruction of the two-dimensional 
distribution of p53 positive staining patches in sun-exposed morphologically normal 
Int J Oncolll: 111-115. 

Ren ZP, Ponten F, Nister M and Ponten J (1996) Two distinct pSi| immunohistochemical 
patterns in human squamous-cell skttt precursors and normal epidermis. Int J 

69: 174-179. ' 

Dumaz N, vanKranen HJ, deVries A, Berg RJW, Wester PW, vanKreijI CF, Sarasin A, 
DayaGrosjean L and deGruijl FR (1997) The role of UV-B light in carcinogenesis 



7 of 8 



6/17/03 8:30 PM 



pS3.Curie.fr: Soussi mutation database skin cancer 



tinp./iz 10./ jy. J / . luu/search .'q=cache:cru...ailom-skln-rcaiu;crA.hl-cii<tsiai i- l<tlc-UTP-8 



through the analysis of p53 mutations in squamous cell carcinomas of hairless mice. 
Carcinogenesis 18: 897-904. 

Ponten F. Berg C, Ahmadian A, Ren ZP, Nister M, Lundeberg J, Uhlen M and Ponten J 
(1997) Molecular pathology in basal cell with p5| as a genetic marker. Oncogene 

15: 1059-1067. 



THE p53 HOME PAGE 

The A?C botobose — The p53 Database — pjj Story — Anatomy of the p53 
Qcne — Phyloqenv of p53 — p53: friends and foes — Other site on 
pii — birectory of p53 scientists -— The Lab — 0ti/jp73 monoclonal 
antibodies — pi53 antibodies in human IIBI — pii in lung I^Bi — p53 in breast 
li^SI — Miii^ion detection with DNA chips — Publications of the lob 



This site was updated: December 2001 

Improvements or Questions ? mail me : thierry . Soussi©curie . f r 



8 of 8 



6/17/03 8:30 PM 



p3J mutations implicate sunligtil in posi...espective oi numan papiuomarivus siHi5i»V2i6.23^'J7J^i^/search?q-cav;hc:lmJ...ailonT-skin-rt;aiii;ci A^ 



This is G o o g I e's cache of http://www.nature.eom/doifinder/1 0.1 038%2Fsj.onc.1 201 339 . 

Go g I e's cache is the snapshot that we took of the page as we crawled the web. 

The page may have changed since that time. Click here for the current page without highlighting. 

To link to or bookmark this page, use the following uri: 

http://www.googlexom/search?q=cache:im6haAGRyOMJ:vvww.nature,com/doifinder/1^ 

Google is not affiliated with the authors of this page nor responsible for its content. 



These search terms have been highlighted: p53;:muiiti^ sftintMS 




ONCOGEN 



nature publishing g^foup 



SEARCH 



Journal home 

For readers 

Content 
In the next issue 
Online sample issue 
E-alerts 
Indexed in 

For authors 

Editor 

Instructions for authors 
Scope 

Customer services 

Subscribe 
Prices 

Order sample copy 
Purchase articles, reprints 
& permissions 
Recommend to your 
library 
Contact us 
^ Advertising 

Society publishing 



Access material from all 
our publications in your 
subject 3'"ea: 

□ Biotechnology 



Chemistry 
Clinical Medicine 
Dentistry 
Development 
Drug Discovery 



2 October 1997, Volume 15, Number 14, Pages 1737-1740 
Table of contents Previous Abstract Next Article PDF 

Short report 

p53 mutations implicate sunlight in post-transplant 
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Abstract 

Mutations in jjiM were detected in 11/23 (48%) of non melanoma 
skin cancers in renal allograft recipients and in 5/8 (63%) of 
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sporadic tumours from immune competent patients. 9/12 (75%) of 
mutations in transplant patients and all 5 mutations in non 
transplant tumours were consistent with damage caused by 
ultraviolet (u.v.) irradiation. DNA sequences, predominantly of the 
epidermodysplasia verruciformis (£V) subgroup, were detected in 
9/23 (39%) of transplant tumours and in 2/8 (25%) of eight 
non-transplant tumours. There was no relationship between HPV 
status and Ji|3; |iaSali^^ DNA being present in 5/16 (31%) of 
tumours with pS3 mutation and 6/15 (40%) of tumours lacking 
p53 mutati^^ These data are consistent with an important role for 
sunlight in the development of post-transplant liiil^Sli) 
with limited functional data suggesting that E6 proteins of the 
cutaneous and £V-related papillomaviruses do not target jpH for 
ubiquitin-mediated degradation. 
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A model for UV-induction of skin cancer 
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The cellular and molecular events that contribute to the 
development of W-induced skin cancer is a complex process 
involving at least two distinct pathways that interact or con- 
verge to cause skin cancer (Figure 1). One pathway involves 
the action of on target cells (keratinocytes) for neoplastic 
transformation, and the other involves the effects of UV on 
the host's immune system f 1 ]. There is evidence to indicate 
that UV- induced DNA damage plays an important role in 
both pathways. 

In the normal human epidermis, cells are constantly turn- 
ing over, about once a month. During this period, stem cells 
in the basal layer undergo cell division, and the keratinocytes 
differentiate into squamous cells producing keratin and other 
proteins, and finally desquamate. Chronic exposure to sun- 
light causes damage to the skin including erythema, edema, 
hyperplasia, formation of sunburn cells, photoaging, sup- 
pression of the immune system and skin cancer. Some of 
the molecular events that occur in cells following expo- 
sure are DNA damage, induction of p53 and p 53 -regulated 
proteins, cell cycle arrest, DNA repair, and apoptosis. UV- 
induced DNA damage causes an elevation of p53 expression 
and p53 protein is translocated to the nucleus to regulate its 
downstream genes. Among these genes, p2 1 wan/Opi expression 
is induced to mediate cell cycle arrest at Gl-S phase to allow 
the repair of DNA damage. UV can also induce apoptosis to 
order cells containing damaged DNA to self-destruct. It has 
been shown that UV- induced apoptosis is p53-dependent [2]. 
Interestingly, we have recently demonstrated that p53 may 
up- regulate bax and down-regulate Bcl-2 protein resulting in 
apoptosis [3] and that Fas/Fas-ligand pathway is essential for 
UV- induced apoptosis [4j. 

Following chronic UV exposure, errors associated with 
DNA repair and/or replication can result into mutations in 
the p53 gene, especially C— T or CC^TT transitions, consid- 
ered as UV-molecular signature. The p53 mutation in ker- 
atinocytes is probably an initiating event in UV skin car- 
cinogenesis [5]. Because cells containing p53 mutations are 
relatively more resistant to UV-induced apoptosis, they can 
acquire a growth advantage. It is likely that the mutated cells 
expand preferentially in a clonal fashion at the expense of the 
normal surrounding keratinocytes, that commit massive sui- 
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Figure 1: Pathways involved in skin cancer development. 



cide by apoptosis, leading to the appearance of p53 mutated 
clones in the epidermis [5-7], Chronic exposure to sunlight 
may cause mutations in the odier /?53 allele and/or other un- 
known gene(s). Thus, another tumor suppressor gene known 
as patched {ptc) has been iniphcated in the development of 
basal cell carcinoma (BCC) [8, 9]. The human ptc gene was 
found to colocalize with the map location of nevoid basal cell 
carcinoma syndrome (NBCCS) on chromosome 9 at 9q22.3. 
NBCCS, also called basal cell nexus syndrome or Gorlin's syn- 
drome, is a rare autosomal dominant disorder characterized 
by multiple BCC that appear at a young age on sun-exposed 
areas of the skin. Studies of NBCCS patients have shown that 
they have both genomic and sporadic mutations in the ptc 
gene, suggesting that these mutations are the ultimate cause 
of this disease. Sporadic ptc mutations have been found in 
BCC from otherwise normal individuals, some of which are 
UV-signature, either C-*T or CC-TT changes. However, pfc 
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mutations have not been reported in SCC Nonetheless, these 
results suggest that genetic alterations in the ptc gene may 
also play a role in the development of BCC [9]. 

In addition, UV radiation causes immunosuppression 
that may contribute to the emergence of skin tumors. Im- 
mune suppression results from the induction of suppressor 
T cells> either by damaged Langerhans cells or inflamma- 
tory macrophages that enter the skin following UV expo- 
sure [ 10] . Another mechanism may be the release of cytokines 
such as IL-10, TNF-a, and 1L-1« that can suppress the im- 
mune system and prevent T-cell mediated responses; these 
are known to be secreted by keratinocytes after W dam- 
age f 1 1 ]. In addition, UV irradiation can also convert normal 
skin chromophores into agents that are immunosuppressive, 
such as the conversion of ^rn/is -urocanic acid to ds-urocanic 
acid [12]. 

Thus, UV radiation plays a dual role in the development 
of skin cancer, by inducing genetic alterations in keratinocytes 
leading to their neoplastic transformation and by depressing 
the normal immune responses in the skin. 
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^j^i Mutations in Hairless SKH-hrl Mouse 
ililil Tumors Induced by a Solar Simulator 



Honnavara N. Ananthaswamy *^, Anny Fourtanier^, Randall L. Evans^, Sylvie Tison^, 
Chantal Medaisko^, Stephen E. Ullrich^ and Margaret L. Kripke^ 
^Department of Immunology, The University of Texas M. D. Anderson HiJIMI Center, 
Houston, TX, USA 

^L'Oreal, Life Sciences Research, Clichy, France 
ABSTRACT 



In this study, we investigated whether the spectrum of ^53 mutations in sjfeljS 
tumors induced in hairless SKH^^^^^^^^^ mice by a solar simulator (290-400 nm) 
are similar to those found in skpn tumors induced in C3H mice by UV 
radiation from unfiltered (250-400 nm) and Kqdacel- filtered (290-400 nm) 
FS40 sunlamps. Analysis of tumor DNA for pMs mutations revealed that 14 of 
16 (87.5%) SkH-hrl ijjcm tumors induced by the solar simulator contained 

mutations. Single C 1 T transitions at dipyrimidine sequences located on the 
nontranscribed DNA strand were thei most predominant type of 
fnulaM^^ Remarkably, 52% of all 'jiS^^ mutations in solar simulator-induced 
SKH-hrl sfep tumors occurred at codon 270, which is also a hotspot in C3H 
sikrii! tumors induced by unfiltered and Kodacel-filtered FS40 sunlamps. 

However, tI G transversions, which are hallmarks of UVA-induced 
mutations, were not detected in any of the solar simulator-induced s^^^ 
tumors analyzed. These results demonstrate that the ^j^53 mi^ spectra 
seen in solar simulator-induced SKH-hrl iSitl tumors are similar to those 
present in unfiltered and Kodacel-filtered FS4b sunlamp-induced C3H ikiri 
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tumors. In addition, our data indicate that the UVA present in solar simulator 
radiation does not pjap^^^^ role in the induction of jp53 mutations that 
contribute to lii ri^j^li development. 

*To whom correspondence should be addressed at: Department of Immunology, Box 178, 
The University of Texas M. D. Anderson j^Wcili Center, 1515 Holcombe Blvd., Houston, 
TX 77030, USA. Fax: 713-794-1322; e-mail: hanantha@notes.mdacc.tmc.edu 
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Ijiili Alterations and Cancer 
jMilestones in Discovery 

i 
\ 

jThe last 25 years of research have produced an explosion in our understanding of 
[the nature and causes of cancer. In 1971, a handful of chemicals, viruses, and 

i chromosome abnormalities were associated with cancers, but scientists did not 

i ' 

^understand what was happening inside the cell to cause cancer. 

I 

{Today, we know cancer is a genetic disease in which chemicals and viruses are a few 
j of the many factors that cause mutations in our genes. When enough mutations 
j accumulate in a cell, the normal processes inside the cell are disrupted, and tumors 
!can begin to grow. 

j Cancer occurs when mutations accumulate in two specific kinds of genes: those that 
i encourage cell grovs^h, known as oncogenes, and those that act as brakes on cell 
[grov^h, called tumor suppressor genes. Mutated or excess copies of oncogenes 
[result in altered or excess protein and too much cell growth. Mutations in tumor 
i suppressor genes result in a protein that is missing or not working that fails to stop 
abnormal growth. Over 100 of these ahered genes have been identified, and the 
. normal cellular roles of many are known. 



This timeline highlights many key discoveries in the past 25 years that led to 
our current understanding of the link between giSe alterations and cancer. 
Many of the human oncogenes mentioned in the timeline (src, ras, jatil, myc, 
sis, erbB, erbA) were first discovered in animal tumor viruses. 

11969 Normal cells are found to have genes that suppress the growth of tumors, 
{when a rat tumor cell Hne was fused with normal cells, the tumor cells were no 
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[longer able to cause tumors in laboratory rats - showing that normal cells have genes 
that suppress the tumor cell genes. 

1970 The first oncogene, now known as the src oncogene, is identified in a chicken 
tumor virus. The chicken virus, an RNA tumor virus discovered in 191 1, was known 
to cause chicken tumors, but it was not known at the time that a specific the 
virus caused the tumors. 

1973 Cancer is linked to DNA exchanges between chromosomes. The chromosomes 
of patients with chronic myelogenous leukemia (CML) were found to have pieces of 
chromosome 9 and chromosome 22 exchanged. 

1976 Oncogenes are discovered in normal DNA. The src oncogene (see 1970) was 
i found in normal chicken DNA, showing that oncogenes do not have to come fi:*om 
i outside the cell via a virus. This experiment suggested that a normal glaf already 
I present in the cell has the potential of becoming an oncogene. 

j 1978 The Src protein is found to be a member of the protein kinase family of 
I enzymes. This was the first clue to the fiinction of an oncogene. Although the exact 
{ Sanction of the Src protein was not known, this family of enzymes was known to be 
j involved in cellular communications. 

|l979 The first human RNA tumor virus, HTLV-1, is discovered. The virus is 
I associated with adult T-cell leukemia. (About 80 RNA animal tumor viruses fi*om 
{many species - chicken, mouse, rat, cat, baboon - had already been discovered; this 
jwas the first human RNA tumor virus.) 

11981 Hepatitis B virus is associated with liver cancer. 

jl981 The first biologically active human tumor oncogene is identified fi'om a human 
(bladder carcinoma cell line. 

1 1982 The 1981 human tumor oncogene is identified as H-ras, similar to an oncogene 
I previously found in rat RNA tumor virus. 

(1982 DNA analysis shows that the difference between the ras oncogene and ras 
(proto-oncogene (the normal before it is altered to become an oncogene) lies in 
ja change in a single base (a subunit of DNA). 

1 1982 The myc oncogene is found to be activated in Burkitt's lymphoma, a form of 
I leukemia. This showed the association between cancer and an overproduced 
I oncogene product. In the lymphoma, the oncogene becomes activated when it is 

j transferred fi'om chromosome 8 to chromosome 14. 

I 

11982 The abl oncogene is found to be activated in leukemia (CML) patients. This 
j showed the association between cancer and an overly active oncogene product. In 
jCML, when the oncogene is transferred fi*om chromosome 9 to chromosome 22, the 
I mutated Abl protein was found to be a fiision product - part of Abl is fiased v^th 
I another protein, making it much more active in the cell (see 1973). 
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1 1982 Several copies of the myc oncogene are found in human leukemia cells. This is 
[the first evidence that an oncogene can become activated by having an excessive 
[number of gerfe copies in a cell. 

1 1983 The sis oncogene product is found to be a mutant form of a known protein, 
[the platelet-derived growth factor (PDGF). This discovery provided the first link 
[between an oncogene and a protein with a known Sanction in the cell. 

tl984 The erbB oncogene product is discovered to be a truncated version of a 
I protein (the epidermal growth factor receptor) that sits on the surface of certain 
i cells. This discovery showed how a mutation in an oncogene can disrupt the normal 
jfijnction of the protein product. (The mutated ErbB protein was found to lack the 
[part of the receptor that normally binds to molecules outside the cell.) 

[1985 Researchers discover that proto-oncogenes can Sanction as transcription 
I factors (proteins in the cell nucleus that regulate jgljll activity). The erbA oncogene 
1 product was shown to be similar to thyroid hormone receptors that were known 
(transcription factors. 

i 
I 

1 1986 The first tumor suppressor Rbl, the retinoblastoma is isolated. 
I Genetic studies show that the development of retinoblastoma is due to inactivation 
I of both copies of the Rb gene. 

(1988 An oncogene is associated with apoptosis, or programmed cell death. The 
|Bcl-2 oncogene product, isolated fi"om B-cell lymphoma, is shown to block 
I programmed cell death in B cells. 

(1989 phS| is recognized as a tumor suppressor Ipl. Both copies of the fS^S 
I are inactivated in about 50 percent of cancers. (pSi was originally discovered in 
1 1 979 and thought to be an oncogene.) 

^1990 A rare familial cancer, the Li-Fraumeni Syndrome, is linked to mutations in 
both copies of the pM i^l^?- 



1991 The APC (adenomatous polyposis coli) tumor suppressor jgieiie, associated 
v^th hereditary colorectal cancer, is isolated. 

1993 Several tumor suppressor genes associated with familial cancers are isolated: 
NF2, associated with acoustic nerve and brain tumors; VHL, associated with benign 
and malignant tumors in the kidney, retina, central nervous system, pancreas, and 
adrenal gland; and NTS- 1 /pi 6, a cell cycle inhibitor associated with malignant 
melanoma and pancreatic cancer. . 

1993 & 1994 Additional tumor suppressor genes associated with familial cancers 
are isolated: MSH-2 and MLH-1, associated with hereditary nonpolyposis colon 
cancer (HNPCC), are known to function normally in DNA repair; their mutated 
forms disrupt DNA repair. 

1994 & 1995 Additional genes associated with familial cancer syndromes are 
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isolated, including two tumor suppressor genes: BRCAl, associated with breast and 
ovarian cancer, and BRCA2, associated with breast cancer. One oncogene, CDK4, 
associated with melanoma, was also isolated; this proto-oncogene is a regulator of 
the cell cycle. 



In spite of the unprecedented inroads into our understanding of the molecular basis 
of cancer, extraordinary challenges remain. Researchers estimate that there are 
probably a hundred or more genes involved in cancers, in addition to the 100 already 
identified (about 80 oncogenes and 20 tumor suppressor genes). Also, most cancers 
involve mutations in several genes, and the patterns of genes that are altered in 
individual tumors and cancers have yet to be defined. 

The hope is that future cancer research will continue to build on the achievements of 
the past 25 years, and oncogenes and tumor suppressor genes can provide novel 
targets for the development of anticancer drugs. 
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